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ABSTRACT: 

ABSTRACT OF THE DISCLOSURE 

The present invention relates to a process for removing elemental sulfur from hydrocarbon 
fluids such as gasoline, liquified petroleum gas, solvents, octane improvers etc. by the steps 
of combining the hydrocarbon fluid with an inorganic caustic material, an alcohol, and an 
organo - mercaptan compound capable of reacting with sulfur to form an insoluble polysulfide 
reaction product at ambient reaction temperature, passing the hydrocarbon fluid containing 
the insoluble polysulfide precipitate to a membrane separation unit wherein the hydrocarbon 
fluid is contacted with a microfiltration or ultrafiltration membrane under an applied pressure, 
thereby producing a permeate stream comprising hydrocarbon fluid of reduced sulfur content 
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and a retentate stream comprising the polysulfide of reduced hydrocarbon content. 
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Background of the \ m ^n 
LW4 Of the Indention 

This Invention Is directed to a process for raying the 
elemental sulfur content of hydrocarbon fluids by the steps of 
contacting the hydrocarbon fluid with an Inorganic caustic, an alcohol 
and d mereaptan or sulfide to convert the sulfur into insoluble 
polysulfldes, passing the hydrocarbon fluid containing the Insoluble 
polysulfide to a membrane reparation unit wherein the hydrocarbon 
fluid is contacted with one face of a selective nwferane under pres- 
ort whore In the pressure used Is such that the pressure/membrane pore 
size inaUttonshfp falls within the operable . region of Figure 2 to 
thereby produce a permBata comprising the hydrocarbon fluid of reduced 
sulfur content and a retcntate containiflg the Insoluble pDlysutfide. 

DaecriPtlott of the R*1^rt ^ 

The presence of suTfur and sulfur compounds in hydrocarbon 
flutd* such a* gasoline, solvents, liquified petroleum flakes, octane 
improvers, etc. la highly undesiraolfu Sulfur In such fluids is 
corrosive to e^ulpmant uilno or storing such fluids, It also renders 
such fluids off spec and cam make them unusable for their intended 
purpose. 

The sulfur can be acquired in any number of ways such as 
through contamination in storage* contamination during shipping such 
as tfcrnigh pipe Una* or tank cars or trucks. 

Because of this it has not proven fBaslble to transport 
certain hydrocarbon fluids such as gasoline for which there are very 
stringent sulfur control specifications* through pipelines used to 
transport trthar fluids, such as crude or refined oils. The presence 
of residual amounts of such fluids in the pipeline even fallowing \ 
purging or pegging Is sufficient to con tarnlnate subsequent streans £P 
such as gasoline with sufficient sulfur to render such gasoline off fft 
spec and unmerchantable. CP. 



5 
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Various technique have been reported for rwnovlny elemental 
sulfur from petroleum products. For example U.S. patent ^l«,965 
discloses a method for renting elemental yyifur from refined hydro- 
carbon fuels by adding an Drfim-numptw cuipound and a copper 
impound capable of forming a so-Tuele complex with said mmaptan and 
sulfur and contacting said fuel with an adsorbent naterial to 
remove the resulting copper complex and substantially all the 
elemental sulfur. 

U.S. Patent < 9 m t lZl discloses a process for sweetening a 
sour hydrocarbon fraction containing mercaptans by contacting the 
hydrocarbon fraction in the presence of an oxidizing agent with a 
catalytic conjuwlte, ammonium hydroxide and a quaternary amnonlum sail 
other than kydroxide. 



U.S, PatHnt 3*18S P G4] describes a method for removing 
el mental sulfur from a liquid hydrocarbon which cerises contacting 
iflth solid sodium hydroxide a hydrocarbon stream having dissolved 
therein at least 7.fi parts by weight of water per part of sulfur 
contained therein to yield both a hydrocarbon phase a.nd an aqueous 
phase* Tho method Is claimed to be effective and convenient for 
treating gasoline containing from trace to mare than 25 pp® sulfur 
employing temparattires as high as about 140'F (50*C). 

U>5- Patent discloses a method for reducing sulfur 

centsmtnatlon 0 f refined hydrocarbon fluids transported fn a pipeline 
far the transportation of sveet and sour hydrocarbon fluids by washing 
tha pipeline with a wa$h solution containing a mixture of light and 
baavy amines, a corrosion Inhibitor, a surfactant and an alkanol 
containing from 1 to 6 carbon atom*, 

U.t. Patent 3>556>99D discloses the purification of hydro- 
carbon fuels by forcing the fual under pressure through a hydrocarbon 
- Insoluble crow linked oleophyllc Rtentorana. the process removes 
aulfw canpounds* bacteria and other n on- hydrocarbon contaminants by 
utlliilng reverie osmosis at 50 to 30D atmospheres. The contaminant 
laden retantate can be purified by chemical processing or by reverse 
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esflrasU then recycle to the primary reverse osmosis membrane for 
further purification. It Is reported that one contaminant which 
passes through the membrane is long chain mencapUns which are removed 
by alkal Ine Washing. 



The present Invention provides a process for removing 
elemental sulfur from hydrocarbon fluids such as hydrocarbon fusls, 
fuel blending cements such as octane layovers, ltouified petroleum 
gas (IPG}* solvent* and other petroleum streams transported In a 
pipeline for the transportation Of sour hydrocarbon streams, canprU- 
Inj contacting the sulfur cor Uioing fluid with an Inorganic caustic 
material, an alcohol and an organo mercaptan confound capable of 
reacting with sulfur to form an Insoluble poly&ulfide reaction product 
at ambient reaction temperatures. The treated fluid is then contacted 
under an applied pressure with one face of a selective mefribrane 
thereby a hydrocarbon rich-Insoluble polysqlfide lean paroeate is 
produced while conversely an insoluble polysulfide rlch-hydrocarban 
lean reterttat* is also produced , as compared to the hydrocarbon 
fluid- insoluble p&ly sulfide contents of the original feed. 

Bri»f n B «rinti fl n of Aft Mqirrftff 

Figure l is a simplified schematic of the process of the 
present Invention. 

Figure 2 presents tna relationship batman membrane pore 
size and applied feed pressure which must bs observed to achieve 
opsrabtHty and selectivity. 

Figure 3 Is a schematic of a preferred embodiment of the 
present process Including retentate recycle to Increase hydrocarbon 
recovery- 



I' 
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^tailed DeftcrlDtloh ft f the f n. yenH on 

In the present invention, sulfur present in hydrocarbon 
fluids is converted Into Insoluble polysul fides by adding an inorganic 
caustic* an alcohol and an organo-mercaptan or sulfide and the precip- 
itated Insoluble polysulfide is remove by ultrafiltration under 
particular conditions of pressure in Nation to mevftrane pore *i*e. 
The use- of inorganic caustic, alcohol and organo-mercaptan or * 
sulfite to convert the *ulfur in hydrocarbon fluids into Insoluble 
polysulfldes 1* taught in copending application USSN 715,959 filed 
<June !7, 1991 in the names of Polrier, Falktner, Kraemar, Albert and 
Campbell, the disclosure of which is incorporated herein by reference. 

Useful organa-mercaptans. Include a wide variety of compounds 
having the general formula RSB t where R represents an organic radical 
which may be alkyl, alkenyl. cydcalkyl, cycl oal kenyl , aryl of 
arylalkyl having from 1 to about 16 carbon atoms* Thus, the radical 
may be < tor example, mathYL ethyl , n-propyl* 1 propyl, n-butyT, 
1 -butyl, sec-butyl, t-butyl, amyl, n-octyl, detyl, tfodacyl, octadecyl p 
phenyl p benzy) and the like. Host preferably, RSH 1* an alkyl 
mercaptan containing 2 to S carbon atoms. 

In another embodiment the mercaptan may be combined tfith ar 
replaced by a sulfide such as KjS* 0*2$, NaHS, U$S t H2S and the like. 



f: -i'-, 
T'-'i/ 



The inorganic caustic material which 1s employed includes 
alkali netal or aranonltim hydroxides having the formula HDH wherein H 
Is selected from the group consisting of lithium, sodium, potassium, 
NKa, or mixture! thereof. H Is most preferably sodium or potassium* 
Asa result of the use of the inorganic caustic material, the 
resultant sulfur products are Insoluble 1u the treated fluids and may 
be removed by the use of adsorbents anchor filtration. 

Alcohols are enployed as a phase transfer or BQlubilizing 
agent. Accordingly, a number of alcohols may be used for this 
purpose. Alcohols which may be «se<1 include* among others, Cj to do 




\ 
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monoalcohols, mnre preferably Ci to C4 wmwalcohDls in which the other 
reagents are soluble, Other alcohols, polyols, glycol *, polyglycols, 
glycol ethers and rxflatad materials capable of solvatlng the caustic 
for the purpose of effecting the action* may also be used. Examples 
of preferred alcohols Include methanol, ethanol, n-proparol, 
i-propanol„ n-butanol, i-butanol and t-butaiwl. 



The fluids which are treated In accordance with the inven- 
tion include fluids containing elemental sulfur where the elemental 
sulfur is detrlmantal to the perfo/mnce of the flutd.. The invention 
IS particularly applicable to those liquid products which have become 
contaminated wttb elemental sulfur as a remit of being transported tn 
a pipeline previously used to transport sour hydrocarbon streams such 
as petrol sum crudes. 

Tfre Fluids treated In accordance with the Invention Include 
a wide variety of petroleum fuels and particularly refined hydrocarbon 
ftiels such as gasoline, jet fuel, dfsiel fuel and kerosene. 

Other fluids Include others used to Improve the ocUne 
ratings of gasoline. These ethers are typically dlalkyl ethers having 
I to 7 carbam atoms tn each alkyl group. Illustrative ethers are 
methyl tertiary-butyl ether, methyl tertlary-envl ether, mathyl 
terUary-hexyl ether, ethyl tertiary-butyl ether, n-propyl tertlary- 
butyl ether, isopropyf tertl ary -amyl ether. KUtures of these ethers 
and hydrocarbons may also be treated In accordance with the Invention, 



In general, the process involves the addition to the fluid 
to be treated Of effective amounts of one or a mlxturs of RSH crgano 
mercaptan compounds, the alcohol and the caustic material as defined 
above to allow for the In-sttu formation of an Insoluble polysulflde 

Hit. tost preferably, the caustic material Is added to the fluid as , (P 

a solution it* the alcohol, and the organo mercaptan Is added sepa- 

The treating conditions which may be used to produce the 4^ 
Insoluble polysulfldes are conventional. Contacting of tiie fluid to ■ • "2> 



*• t ... 1 



, r ■ - - . . ■ . . : *»•-. 
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be treated 1s effected at wibient teanjierature condition*, although 
higher temperatures up tD lOo'C or higher may be employed* Substan- 
tially atmospheric pressures are suitable, Although pressures may, for 
example* range up to JO DO psig. Contact llmas may vary widely depend- 
ing on the fluid to be treated, the amount of elemental sulfur therein 
and the treating material a used. The contact time will be chosen to 
effect the desired tegree of elemental sulfur removal. In most cases, 
the reaction proceeds relatively fast, usually within a few minutes. 
Contact t1«es ring tig from 30 seconds to a few hours will usually be 
adequate. 



The reactsnts way oe dispersed within the fluid to be 
treated using any suitable mixing device which will provide mxirtm 
ntfxlng witll the fluid, The process is particularly adapted for 
continuous operation wherein a static ra-ixer Is employed and the 
reactantv are Injected Into a moving flow of the fluid prior to entry 
into the static mixer. Residence titna In the mixer should be suffi- 
cient to maximize the formation of fluid insoluble sul fur/marcaptan 
polysulftde re action product, 

the amount of caustic used In accordance with the Invention 
may range within wide limits, for example* from about 0,1 to ]Q,Q 
moles, preferably from about C,E to 2*0 mole*! of caustic {ROM) per 
mole of elemental sulfur present in the fluid to be treated. 

The amount of organo marcaptan and/or sulfide used in 
accordance with toe invention generally ranges from 0.1 to about 2,0 
moles, preferably from about O.S to 0.7 moles* of organo mercaptan 
and/or sulfide per role of elemental ml fur present In the fluid to be 
treated* 



A? mentioned, the alcohol serves as solublllzlng agent* The 
visount of alcohol present may therefore vary within wide limits. 
Typically, the amount of alcohol will range from about ICO to about 
Z3D0 volums parts per pillion (vppm) of the fluid being treated. 
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Fluldi containing quantities of elemental sulfur a? high as 
100 mg t ur higher, sulfur per liter, mors usually front about 10 to 
about 60 mg por liter, can be effectively treat** in accordance with 
this Invention to reduce the elemental sulfur contain inati on to about 5 
mo, sulfijr per liter or lower. 

The hydrocarbon fluid containing the Insoluble poly sulfides 
is then contacted with one face of a mwiforarie, under an applied 
pressure to effect the separation of the Insoluble pel ysul fide from 
the hydrocarbon fluid resulting In a hydrocarbon fluid of reduced 
sulfur content. 

It t c; unexpected that iulf ur cpntanl noted hydrocarbon fluid 
can be purified In this manner using mambrane separation because the 
shape and torture of the precipitated polysulflde spectes is virtually 
Impossible to determine* Thus, whether the parttcles are hard or 
softp sticky or slippery Is not known. As « consequent of these 
unknowns the aize and type of membrane which can be used cannot be 
predicted. 

Another Bisantfal feature 1s that any such process must 
recover virtually all of the available hydrocarbon fluid involved 1f 
it is to be economically viable. 



r 



The membrane employed in the present process can be either a 
Btcroflltration or ultrafiltration mesfbrane having a pore sixe in the 
ranga 1 to 0>01 um t preferably IKS to 0,01 pm, employed under an 
applied pressure of from 1 to 1000 psig a preferably \ to oDO pslg, 
wherein lower applied pressure within the aforesaid ranges ar« 
employed when .utilizing membrane* having the larger pore stzes. This 
is presented tn figure 2 which shows the relationship between maabrane 
pore sl*e and applied pressure. The reo/lon of operabllity under the 
curve corresponds to those cognations of pore size and pressure 
wherein the recovered hydrocarbon fluid Is clear and bright, 
indicating an absence of Insoluble polysulflde and wherein the recov- 
ered hydrocarbon has minimal residual caustic as determined by 
phenol phtha loin titration. 



\ 
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U the present process* as presented in Figure ! the h^Jro- 
cirbBft fluid (line 1) Is mixed with Inorganic cBusttc/alcohoVo^anlc 
mercaptan (line 2) and the mixture, after a sufficient time for the 
fonnatlon of insoluble po1ysu)f1des, Is fed via Une Uh iTiambrane 
separation unit 4 wherein the feed mixture Is contacted with one face 
of the membrane (5) under an Applied pressure to recover a sulflir free 
hydrocarbon fluid via line <6J as permeate and a retentate of concen- 
trated Insoluble polysulfide via line (7). 



The Raubrane used can be either hydrophobic or hyrfrophillc 
In nature and either polymeric, ceramic, sintered glass or sintered 
ratal, etc, p so long as the pressure - pore size relationship falls 
within the disclosed range. 

Example 

A lab unit was set up which consisted of a 2 Titer feed 
reservoir. To a batch gasoline sample containing 40 crg/L of elemental 
sulphur was added propyl mercaptian (PrSH) and NaOH (dissolved in 
ethanol} at a molar ratio to elemental sulphur in tha feed of 
StNaOH:PrSH * 1:0*7:0.7 with the total ethanol content being 1200 
vppnu ThB resulting hazy gasoline was placed In the 2 L reservoir « A 
S L/ofn pump was u*ed to circulate the feed across a cell housing the 
nwmbrane« The penneatlfln; material (permeate) was collected in a 
graduated cylinder. The membrane flux was calculated as follows: 

Flux * amt of permeate collected In liters/Una In days/nwarfbrane Area 
In a£ 

The. clarity dear and bright) was visually assessed 

while the residual caustic was determined by phenolphthaleln titra- 
tion, A clear color In the phenol phthel el n test Was considered a pass 
while a pink color Indicated a failure. 



Table t summarizes the results. Comparing the performance 
of tha 1 micron regenerated cellulose and oa micron teflon mscftranes 
indicates that tha minimum pore size requirement is less than 1 
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micron. However, applying 5 to 10 pslg feed pressure to the <U 
micron teflon membrane resulted In a ba*y permeate Which also failed 
the phenol phthalefn test. This indicates that feed pressure also 
affects performance. Figure 2 y which illustrates the operable region, 
shows that the membrane pore size must fce reduced as the feed pressure 
Is Increased. 



In order to recover essentially all of the hydrocarbon fluid 
a fltuUl-stage (preferably 2) Parana separation schema as shown in 
Figure 3 would be required. 

The hydrocarbon feed in line 1 Is combined with caustlc/- 
akohol/tnfcrcaptan from line 2 In the mixing valve 3 and fed vU line 
3a to a first membrane separation stage (4} wherein the feed is 
contacted under pressure with one face of a membrane (4a Most of 
the feed fs recovered from the first membrane separation stage via 
Una 5 as hydrocarbon fluid of reduced sulfur content te,g. T on spec 
gasoline) while a. minor quantity is rw&vered as Potentate via line S 
which contains the hulk of the Insoluble polysul fide and a minor 
quantity of hydrocarbon fluid. 

The retentete via line fi 1s fed Into a vessel 7 and than via 
Una $ Into a second meaabrane separation unit (9) wherein ft 1* 
contacted with a selective membrane (10 >. Purified hydrocarbon fluid 
1* recovered via line 11 and mixed with the purified hydrocarbon fluid 
fraiD separation unit 4 in line $. 



The ratentate Is recycled via Tine 12 to unit 7 for recycle 
to extinction in separation unit 9. Periodically, accumulated solids 
and Insoluble. polysul fide* which build up en vessel 7 are removed via 
flush line 13. This would be achievable where the contaminated 
gasoline H handled In batches as 1s the case At many terminals* [n 

areas wh&re a continuous process Is required two parallel second stage yX 
units can ba utilised whereby one unit is on-line while another H -A 
being cleaned. 



••*■ .■*.■.•:... 
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Table \ 

Effect Qf PWft .S17A and PrM ? ure an H^r a^ P^f nn ?[inra 



1 un - Regenerated 
CcTlulose 



{pslQ) 



Elm 



>Q0 



0.1 urn * Teflon 
0.04 urn - tyylon 
0.04 am Polypropylene 
0,01 urn Polylmtda 
(1) - MB solutions contain <% m/L »1«nantal sulphur 



2 
7 

100 

50 
100 

50 
100 



13-80 

>eo 

14 
40 

4,5 



2.5 

3,7 



C4B 
haw 

cae 

CfiB 

C&B 

CBfl 
C&B 



fail 

pass 
fan 

pass 

pass 
pass 

pass 
pais 
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THE EMBODIMENTS CF THE INVENTION IN UHICU AN EXCLUSIVE PROPERTY OR 
MIVILEGE IS CLAIMED ARE QtFJNEP AS FOLLOWS: 

I, A process for removing elemental sulfur from hydrocarbon 
fluids by the steps of combining the JipdroeAi-tuui fluid with an 
Inorganic caustic material* an alcohol, and an org«no-mrcaptan 
compound or a sulfide capable cf reacting with sulfur In the hydro- 
carbon fluid to form an Insoluble paly sulfide reaction product, 
Passing the hydrocarbon fluid containing the Insoluble polyiulfide 
predpltate to a onnbrane separation unit wherein it Is contacted with 
a mlcraf titration or ultrafiltration membrane under an applied pres- 
sure, said applied pressure being a pressure selected such that with 
respect to the pore size of the membrane the pressure/pore *i*e 
relationship falls within the operable region of Ftgure 2 i thereby 
producing a permeate comprising the fcydrourbon fluid of reduced 
sulfur content and a retentate containing the insoluble polysulfids. 

Z, Tba process of claim 1 T wherein the hydrocarbon fluid Is 
gasoline, jet fuel t die&el fuel, kerosene or ether > 

3. The process a f claim 1, wherein the membrane has a pore 
size In the range I to O.Qlum and the pressure used is in the range of 
from I to l&DQ ps1g> 

*. Tha process- of claim 3 wherein the membrane is teflon* 
nylon, polypropylene or pol yields. 




TP. 
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ABSTRACT OF THF nKgngmf 

The present Invention relates to a process for removing 
elemental sulfur from hydrocarbon fluids such as gasoline, liquified 
petroleum gas, solvents, octane Improvers etc. by the steps of 
combining the hydrocarbon fluid with an Inorganic caustic material, an 
alcohol, and an organo - mercaptan compound capable of reacting with 
sulfur to form an Insoluble polysulflde reaction product at ambient 
reaction temperature, passing the hydrocarbon fluid containing the 
Insoluble polysulflde precipitate to a membrane separation unit 
wherein the hydrocarbon fluid is contacted with a mlcrofiltratlon or 
ultrafiltration membrane under an applied pressure, thereby producing 
a permeate stream comprising hydrocarbon fluid of reduced sulfur 
content and a retentate stream comprising the polysulflde of reduced 
hydrocarbon content. 
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